A mini core collection of Japanese rice landrace was developed based on a genome-wide SSR polymorphism survey of 236 accessions. The accessions used in the initial survey were selected based on the historical record and passport data from the collection maintained at the Genebank of the National Institute of Agrobiological Sciences (NIAS). These accessions were analyzed using 32 SSR markers. A total of 247 alleles were detected and the number of alleles per locus ranged from 3 to 15 (mean 7.7). Principal coordinate analysis using SSR data enabled classification of the accessions into three major groups, two Japonica groups and one Indica group. To develop a Japanese landrace mini core collection, the SSR data on the 236 accessions were subjected to cluster analysis and 50 groups were recognized at a similarity index of 0.88. A single accession from each of the 50 groups was selected. These 50 accessions retained 87.5% of the alleles detected in the original 236 accessions, and covered the variation of the initial set of accessions in terms of several agro-morphological traits.
Introduction
Crop landraces are valuable genetic resources, because they are considered to contain genetic diversity and therefore should complement and diversify the gene pool of advanced cultivars (Frankel and Soule 1981) . Landraces of rice have extensive variation, but only a few have been introduced into elite lines (Yang 1994 , Kobayashi et al. 2006 . The enhancement of such germplasm conserved in genebanks for further improvement of rice cultivars is important; however, it is difficult to evaluate many accessions at one time. The idea of a core collection was proposed by Frankel (1984) and is a small set of accessions (usually 10% of the original size) chosen to represent the genetic spectrum of the whole collection. Recently, a cultivar set smaller than a core collection has been developed as a "mini core collection" or "micro core collection" to evaluate their variation thoroughly (Upadhyaya and Ortiz 2001) , because the size of a core collection is sometimes too large for users to handle. The authors developed a small core collection of world rice collection, the Rice Diversity Research Set of NIAS (Kojima et al. 2005) . Only two Japanese accessions are included in this set. Japan is located at the edge of rice cultivation, and the genetic diversity of Japanese landraces seems smaller than the world-wide germplasm collection (Kojima et al. 2005) ; however, the local adapted cultivars are expected to have a different genetic polymorphism to adapt to different environmental conditions. The set of Japanese landraces will be unique and important for understanding rice adaptation in the northern area. One of the objectives of this study was to develop a Japanese landrace mini core collection.
Another problem of using the germplasm is the "redundancy" of accessions. In the Genebank, some accessions with the same variety name have been stored and is difficult to know whether they are redundant or different accessions. Recently, molecular markers have been used for cultivar identification. It is important to identify redundant or different accessions with the same name.
In this study, the genetic variation of Japanese cultivars of landraces was estimated using SSR polymorphism and a representative set of accessions was developed from the Genebank of the National Institute of Agrobiological Sciences (NIAS). varieties were used as a control. Modern varieties from crosses were designated as 'improved variety', and varieties selected from landraces were included in 'landrace'. Information on cultivation type, upland or lowland, followed the passport data of Genebank of NIAS.
DNA extraction and SSR analysis
Total DNA was extracted from young leaves of 10 plants in each accession with the CTAB method (Murray and Thompson 1980) . When analyzing the genetic diversity of accessions, DNA is amplified in a final volume of 10 μl containing 10 mM Tris-HCl (pH 8.3) and 50 mM KCl (Perkin Elmer), 2.5 mM MgCl 2 and 2 mM dNTPs, 4 μM primer pairs, 5 ng total DNA and 0.5 unit of AmpliTaq Gold DNA Polymerase (Applied Biosystems). The amplification program was as follows: initial incubation at 95°C for 9 min, followed by 35 cycles of denaturation at 94°C for 30 sec, annealing at 55°C for 1 min, extension at 72°C for 2 min, and final extension at 72°C for 10 min. PCR products (1.5 μl) were denatured at 95°C for 2 minutes, and electrophoresed on 4.5% polyacrylamide gel containing 7 M urea in 1 × TBE buffer at 2,000 V for 80 min. Gels were stained with Vistra Green (Amersham Pharmacia Biotech) and detected by image scanner machine STORM 860 (Amersham Pharmacia Biotech). From the previous report on SSR analysis of rice (Akagi et al. 1997 , Chen et al. 1997 , Tenmykh et al. 2000 , Tenmykh et al. 2001 , 32 pairs of primers were selected for analysis (Table 2) to cover the genome with a small number of markers which could detect polymorphism in Japonica accessions.
Evaluation of genetic diversity
To estimate genetic difference among accessions, the diversity index of each accession was calculated as follows.
Diversity index = −log 10 pi, where pi is the allele frequency of each SSR allele at locus i in the total accessions. This index shows the standard and outlier combination of alleles in the samples. This index was also calculated for each same variety name group to estimate "redundancy".
Selection of mini core collection
Each of the SSR alleles was scored for presence (1) or absence (0). A similarity index was calculated using a simple matching coefficient of similarity (Sokal and Michener 1958) with these 1-0 data. Principal coordinate analysis using the coefficient was performed with NTSYS ver. 2.02 (Exeter Software). A dendrogram was generated from a pairwise distance matrix based on the unweighted pair-group method by arithmetic means (UPGMA) (Sneath and Sokal 1973) to reveal genetic relationships among accessions, using the software SPSS version 11.5 (SPSS Inc., USA). A total of 236 accessions, including "redundant" accessions, were used as a representative population. The number of accessions to be included in the collection was decided to retain nearly 90% of the alleles detected in 236 accessions. After constructing a dendrogram of 236 accessions, the accessions were divided according to the branching pattern of the dendrogram at a given coefficient level. One representative with highest diversity index at a branch was selected to retain as many alleles as possible. To decide the number of mini core collections, the percentage of alleles covered by the selected samples was counted and compared with the random sampling simulation. In the simulation, twenty trials were performed with each number of samples.
In order to evaluate the level of phenotypic diversity in the mini core collection, variation in the phenotype for 9 traits, including culm length, panicle length, number of panicles per plant, grain length, grain width, brown rice length, brown rice width, days to heading from seeding, and amylose content, was evaluated. These characters were evaluated in 2003, in Tsukuba, Ibaraki, Japan (N36° 03′, E140° 10′) under natural field conditions. One-month-old seedlings were transplanted to the paddy field in mid-May and ten plants were used for the evaluation. The mean, standard deviation, and the range of traits in the intensive collection and the original 236 accessions were compared.
Results
In the present study, 236 rice varieties were analyzed using 32 SSR markers. The number of alleles investigated ranged from 3 to 15 (mean 7.7) per locus and the total number of alleles detected was 247 ( Table 2) . The most variable locus was RM539 on chromosome 6 with 15 alleles and the next was RM259 on chromosome 1 with 14 allele. Most of the accessions showed different SSR profiles. Two accessions of Kameji, four accessions of Aikoku, and two accessions of Senshou showed the same SSR profiles (Table 1) . The diversity index of each accession in all samples was from 11.1 to 47.8 (mean 18.2). Toboshi showed the highest value and "Akamai" accessions showed a rather high value. Masaoka showed the lowest value and "Aikoku" accessions i 1 = N ∏ generally showed a low value (Table 1) .
Redundant accessions
SSR profiles of 119 accessions of 12 variety name groups were compared (Table 3 ). In the variety name groups of Sekiyama, Shinriki, Kabashiko and Akage, more than 90% of loci were polymorphic. Sekiyama accessions showed the highest variation (31/32 loci were polymorphic). On the other hand, Senshou and Gaisenmochi showed only 16 and 41% polymorphic loci. Among accessions with the same variety name, Sekiyama, Shinriki, Kameji and Aikoku, upland accessions and lowland accessions showed a different diversity index, suggesting two types in each variety group (Fig. 1) .
Genetic differentiation among Japanese rice landrace
PCA analysis of the 236 accessions showed two different types of variety groups in Japanese landraces, Japonica and Indica. The Japonica group was divided into two groups, Group I and II (Fig. 2) . This grouping well matched the cultivation method, lowland and upland. Group I was a mixture of upland and lowland rice varieties and group II consisted only of upland rice. The major varieties in Japan are included in Group I. Markers which could signify Indica/Japonica were RM 207 and RM 208 on chr. 2, RM 217 on chr. 6 and RM 202 on chr.11. Markers which could signify lowland/ upland were RM236, RM207 on chr.2, RM 440 on chr. 5, RM 412 on chr.6, RM 418 on chr.7, RM216 on chr.10, RM 536 and RM20B on chr.11. Improved varieties showed less genetic diversity (Table 4 ) and all of the alleles detected in the improved varieties were also detected in landraces (data not shown).
Selection of mini core collection
In a comparison of statistic and random sampling, the mini core collection of 50 samples was superior to cover the genetic diversity of Japanese landraces (Fig. 3) . Fifty Japanese rice accessions, including 216 alleles of these 32 loci, 87.5% of the population, were selected as a representative set ( Table 5 ). Comparison of the phenotypic variation in several agro-morphological traits between the collection and the original accessions showed that this collection included 75-100% of the range of variation (Table 6 ).
Discussion
The objective of the present study was to investigate the genetic diversity of Japanese landrace accessions and to develop a mini core collection. Fifty accessions were selected for the collection (Table 5) , based on SSR data, and included 87.5% of the SSR alleles in the 236 accessions.
Among the 32 SSR loci investigated here, some loci showed higher levels of allelic diversity. The presence of highly diverse loci is attributed to the linkage with balanced selective genes (Ishimaru et al. 2001) or an allelic barrier (Harushima et al. 2002) . The most variable locus was RM539 on chromosome 6 with 15 alleles located at 8.2Mb of chromosome 6. Hd1, one of the major genes controlling the heading date is located in this chromosomal region. Japan is at the northern edge of rice cultivation and heading date seems a selective trait in Japan. The next polymorphic marker was RM259 on chromosome 1 with 14 alleles and Rf-3, which is a restorer gene of CMS located in this region (Zhang et al. 1997) . RFLP analysis of the world rice collection did not detect a relationship among polymorphic markers and genes (Kojima et al. 2005) . This suggests that the association of markers and genes should be analyzed in genetically similar populations.
As for the Indica/Japonica marker, Hd7, which controls the heading date, is located near RM207 and RM208 on chr2. Hd3a, RFT1 and wx are located near RM217. The heading date and waxiness of the grain (Olsen et al. 2006 ) are thought to be artificially selective traits. As QTLs in upland/ lowland marker regions, QTL for phosphorous sensitivity (Wissuwa et al. 1998) near RM207, field resistance for rice blast near RM418 (Tabien et al. 2002) , spikelet number, amylose content (Cui et al. 2002) and allelopathy (Ebana et al. 2001) near RM412, UV-B resistance (Sato et al. 2003) near RM516, culm strength under upland conditions (Mu et al. 2004 ) near RM440, were reported. These QTLs seem related to the upland and lowland cultivation conditions or differences among the morphological differences of upland and lowland varieties. This result suggested an association Houmanshinden Ine lowland among SSR markers and selective genes in Japanese rice landraces.
Comparison among accessions with the same variety name shows "redundant" accessions but they generally showed different SSR profiles (Table 1 ). In the two types of cultivation varieties included in the group, lowland and upland cultivated accessions were critically different (Fig. 1) . The present study showed that upland and lowland types are genetically different even if they are have the same variety name and should be considered not as redundant accessions but as different accessions. This result supports the importance of passport data and also the usefulness of molecular analysis of genetic diversity.
Genetic differentiation of Japanese rice landraces was estimated from the present result. Accessions were divided into three groups, two Japonica groups (Group I and II) and one Indica (Fig. 2) . Group I includes both upland and lowland accessions, whereas Group II includes only upland accessions. Upland varieties in the Group II showed morphological characters such as thick culms, a small number of panicles and broad leaves, which suggested that they are tropical Japonica. The previous study of world-wide accessions with RFLP analysis did not clearly divide temperate and tropical Japonica (Kojima et al. 2005) . SSR can divide these two variety groups and they are a better tool to identify relative varieties than RFLP, because SSRs change rapidly (Charlsworth et al. 1994) .
We selected a mini core collection of Japanese rice landraces (Table 5 ). This set includes 21 upland and 29 lowland accessions and covers 87.5% of the alleles. It also includes more than 90% of phenotypic variation in the original population except brown rice width (Table 6 ). This mini core collection of Japanese landraces is distributed by NIAS Genebank (core collections in NIAS Genebank: http:// www.gene.affrc.go.jp/plant/core_collections.html; contact address: genebank@nias.affrc.go.jp). The SSR genotype and phenotype data are shown on the website. Accumulated data on the various traits and DNA polymorphism in the collection will enhance the efficient use of rice genetic resources. Amylose content 17.5 ± 8.7 0.0-33.9 100 17.2 ± 10.1 0.0-33.9
a Upper lines and lower lines represent the initial collection and the core collection, respectively. b Retention shows the percentage of the range preserved in the core collection.
